INTRODUCTION
============

Rapid assessment of pork quality by packers necessitates the use of early postmortem (∼ 1 d) traits as an indication of aged pork quality (∼ 14 d) and eating experience ([@r18]; [@r30]). Color and marbling are loin quality traits most influential to consumer purchasing decisions ([@r23]) and influence the palatability of pork ([@r13]). The National Pork Board and USDA are developing a grading system based on color and marbling on the ventral side of boneless loins at 1d postmortem ([@r20]). For this system to be successful, a strong correlation between early postmortem color and marbling traits observed by packers and the same traits observed by consumers after a period of aging must exist. However, the strengths of those relationships are unclear.

Furthermore, the relationships of early and aged quality traits of pork loins may be influenced by other factors including aging environment (temperature, packaging, length of aging) and traits inherent to the pigs or loins themselves (diet, management practices, sex of pigs, pH of loins). Therefore, before general conclusions can be made about relationships between early and aged quality measurements, the influence of these external factors must be established. In particular, it is imperative to compare these relationships between barrows and gilts, as each represents about half of the pigs slaughtered. Differences in quality traits between barrows and gilts have long been recognized ([@r22]), and recently variability differences of quality traits were identified between sexes ([@r28]). It is possible differences in relationships among early and aged loin quality traits also exist.

Therefore, the objectives were to determine correlations between early postmortem loin quality characteristics and aged loin and chop quality characteristics, and determine if those correlations differ between barrows and gilts.

MATERIALS AND METHODS
=====================

Pig Background
--------------

Pigs were slaughtered at a federally inspected abattoir under the supervision of the USDA Food Safety and Inspection Service. Loins were obtained from that facility therefore, no Institutional Animal Care and Use Committee approval was needed. Pigs (328 total) were sourced from a single genetic line and were raised under the same commercial conditions. Each pig was tattooed on the ham with a unique number prior to transportation to the abattoir. Pigs were transported approximately 195 km and held in lairage for a minimum of 3 h prior to slaughter. Pigs were immobilized via carbon dioxide gas and terminated by exsanguination. A sequential identification number was written on the shoulder of each carcass with a crayon after evisceration. At the same time, the individual tattoo was recorded so that it could be matched with the sequential number written on the shoulder. Hot carcass weight was recorded immediately before each carcass entered a blast chiller. Following the approximately 90 min blast-chill, carcasses were transferred to an equilibration cooler, where they remained for approximately 20 h until fabrication. Early and aged loin quality evaluations were collected on 133 barrow carcasses and 195 gilt carcasses slaughtered on 3 different days (d 1 = 103 pigs, d 2 pigs = 168, d 3 = 57 pigs).

Abattoir Data Collection
------------------------

While in the carcass cooler, back-fat thickness was determined by measuring the midline fat thickness at the 10th rib. As carcasses moved out of the carcass cooler just prior to fabrication they were weighed again to determine chilled carcass weight. Cooler shrink (%) was calculated using the following equation:
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Identification buttons (Volk Enterprises, Turlock, CA), corresponding to the sequential identification number written on the shoulder of the carcasses, were placed into Canadian back loins (NAMP \#414, [@r24]) after fabrication. Loins were vacuum packaged and placed in boxes. Loins were transported on ice, in coolers, approximately 32 km to the University of Illinois Meat Science Laboratory (Urbana, IL).

Early Postmortem Pork Quality Evaluation
----------------------------------------

Immediately on arrival to the University of Illinois, boneless loins were removed from the packaging and weighed. Oxygenation of the loins was allowed to occur for at least 20 min before quality evaluations took place. After oxygenation, quality measurements for instrumental lightness (L\*), redness (a\*), yellowness (b\*; [@r5]), subjective color ([@r26]), subjective marbling ([@r26]), subjective firmness ([@r25]), and early postmortem ultimate pH was collected on the ventral surface of the boneless loins by trained University of Illinois personnel. Instrumental color was measured with a Minolta CR-400 Chroma meter (Minolta Camera Co., Ltd., Osaka, Japan) using a D65 illuminant, an 8 mm aperture, and calibrated using a white tile. Subjective color and marbling scores ([@r26]), and firmness scores ([@r25]) were determined by a single individual. Ultimate pH (∼22 to 24 h postmortem) was measured using a handheld MPI pH meter fitted with a glass electrode (MPI pH-Meter, Topeka, KS; 2-point calibration; pH 4 and pH 7). After 1d postmortem quality measures were complete, loins were vacuum packaged and aged for 13 d at 4°C.

Aged Postmortem Pork Quality Evaluation
---------------------------------------

### Loin and Chop Quality.

At 14 d postmortem, loins were removed from the packaging, allowed to drip for approximately 20 min, and weighed again. Purge loss (%) was calculated using the following equation: *Purge Loss, % = \[(1 d weight, kg -- 14 d weight, kg) / 1 d weight, kg\] × 100.*

Loins were exposed to oxygen (fat side against the table and lean side up) for at least 20 min and then quality measurements for instrumental color, subjective color, subjective marbling, subjective firmness, and aged ultimate pH were conducted on the ventral surface of the loins, using the same procedures as the 1 d postmortem quality evaluations. [@r3] reported that time of oxygen exposure from 0 min through 30 min had no effect on instrumental L\*. Instrumental a\* values did not change after 10 min of oxygen exposure. Thus, 20 min was sufficient to allow for appropriate oxygenation of myoglobin. Ambient room temperature during evaluations was approximately 4°C.

After quality evaluations were completed on the ventral surface of the loins, they were sliced into 2.54 cm thick chops using a push-feed style Treif Puma slicer (Treif model 700 F; Treif, Oberlahr, Germany). Three chops were collected from each loin for further evaluation. The first chop collected was the first chop completely posterior to the spinalis dorsi. Chops 2 and 3 were collected immediately posterior to chop 1. Chops 1 and 3 were exposed to oxygen for at least 20 min before evaluation. Then, instrumental lightness (L\*), redness (a\*), and yellowness (b\*) were measured at 2 locations on the cut surface of both chops 1 and 3 for a total of four instrumental color measurements per experimental unit (loin). The 4 measurements for L\*, a\*, and b\* were then averaged, and the average of the 4 measurements was reported as instrumental color. Subjective color measures ([@r26]) were evaluated on the cut surface of chops 1 and 3, by a single individual, and the average of the 2 subjective color values was reported as subjective color. Chops 1 and 3 were then vacuum packaged and stored at --2°C until they were used to determine cook loss (%) and Warner-Bratzler shear force (WBSF). Chop 2 was evaluated for subjective marbling ([@r26]) and then packaged in Whirl-Pak bags (Nasco, Ft. Atkinson, WI) and stored at --2°C until determination of moisture and extractable lipid.

Cook Loss and Warner-Bratzler Shear Force
-----------------------------------------

Chops 1 and 3 from each loin were removed from frozen storage at least 24 h prior to analysis and allowed to thaw thoroughly at 4°C. Chops were individually weighed and then cooked on a Farberware Open Hearth grill (model 455N, Walter Kidde, New York, NY) on 1 side to an internal temperature of 34°C, flipped, and then cooked until they reached an internal temperature of 68°C, at which point they were removed from the grill. During cooking, internal temperature was monitored using copper-constantan thermocouples (Type T, Omega Engineering, Stamford, CT) placed in the geometrical center of each chop and connected to a digital scanning thermometer (model 92000--00, Barnat Co., Barrington, IL). Chops were cooled to approximately 25°C, and weighed again to determine cook loss percentage. Three 1.25 cm diameter cores from each chop were removed parallel to the orientation of the muscle fibers and sheared using a Texture Analyzer TA.HD Plus (Texture Technologies Corp., Scarsdale, NY/Stable Mirosystems, Godalming, UK) with a blade speed of 3.33 mm/s and a load cell capacity of 100 kg. Warner-Bratzler shear force values from 3 cores from chop 1 and 3 cores from chop 3, for a total of 6 cores, were averaged to determine a single WBSF value for each experimental unit (loin).

Proximate Composition
---------------------

Chops stored for moisture and extractable lipid determination were allowed to partially thaw at 25°C, taking care to prevent loss of exudate. Chops were prepared for evaluation by trimming all subcutaneous fat and secondary muscles before homogenizing in a Cuisinart (East Windsor, NJ) food processor. Any exudate from the package was added to the meat prior to homogenization. Samples were blended for approximately 90 s in the mixer until they were visually homogenized. Moisture was determined by drying duplicate 10-g samples from each loin chop in a drying oven set to 110°C for at least 24 h. Extractable lipid content was determined using the chloroform-methanol solvent method described by [@r27].

Statistical Analyses
--------------------

Because early and late quality evaluations were compared within a loin from the same pig, pig served as the experimental unit for all statistical analyses. Carcass and loin quality characteristics from barrows and gilts were compared using a 1-way ANOVA in the MIXED procedure of SAS 9.4 (SAS Inst. Inc., Cary, NC). The model included the fixed effect of sex and the random effect of slaughter date. Differences in quality traits between barrow and gilts were considered different at *P* ≤ 0.05.

Comparisons of independent correlation coefficients between barrows and gilts were achieved following the example of [@r15] using a z-test for comparing 2 independent correlations. First, data were grouped into two individual data sets by sex (barrows and gilts). For each of these 2 datasets, Pearson correlation coefficients were calculated and transformed using the Fisher\'s r to z transformation with the FISHER option of the CORR procedure in SAS. The Fisher\'s r to z transformation was defined as:
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and used to ensure the transformed coefficients were nearly normally distributed and to make the variance of correlations approximately the same regardless of the value of the population correlation ([@r15]). Where *r* is the Pearson correlation coefficient and *z* is the transformed value of the correlation coefficient. If the *z* value is statistically significant, then the correlations between the 2 populations (barrows and gilts) differ ([@r15]). Correlations were considered weak (in absolute value) at *r* \< 0.35, correlations were considered moderate at 0.36 ≥ r \< 0.67, and strong correlations were those *r* ≥ 0.68 ([@r31]). Next, Fisher\'s transformed z values were merged into a single data set and compared using the equation:
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[@r31] cautions that correlation coefficients of 0.20 in data sets with more than 100 observations, like in this data set, can be statistically different from 0 (ɑ = 0.05), but have little practical importance. Therefore, differences in relationships of early and aged postmortem loin quality between barrows and gilts were considered different at *P* ≤ 0.05 but must have had a correlation coefficient of \|r\| ≥ 0.36 to be discussed as practically relevant.

Correlation coefficients differed between barrows and gilts on 4 occasions. In each of those occasions, independent slopes for barrows and gilts were compared using the REG procedure in SAS by independently calculating the slopes and mean squared error of each sex. Then using the standard error of the difference between the 2 slopes, slopes were compared to confirm differences in relationships between barrows and gilts.

RESULTS
=======

Difference between Barrows and Gilts for Early and Late Postmortem Quality Characteristics
------------------------------------------------------------------------------------------

Mean differences between barrows and gilts were expected. Barrows were heavier and fatter than gilts (*P* ≤ 0.01, [Table 1](#tbl1){ref-type="table"}), but had loins that were lighter as a percentage of HCW (*P ≤* 0.0001). Early postmortem loin subjective firmness was greater (*P* ≤ 0.001) for loins from barrows compared with those from gilts ([Table 1](#tbl1){ref-type="table"}). There were no differences (*P* ≥ 0.06) for any other early postmortem loin quality traits between barrows and gilts. Aged ventral subjective marbling (*P* = 0.02), ultimate pH (*P* = 0.04), and percent purge (*P* ≤ 0.01) were greater in loins from barrows compared with loins from gilts ([Table 2](#tbl2){ref-type="table"}). There were no differences (*P* ≥ 0.35) for any other aged ventral loin quality traits between barrows and gilts. Aged loin chop subjective color (*P* = 0.04), subjective marbling (*P* ≤ 0.0001), and extractable lipid percentage (*P* ≤ 0.01) was greater in loin chops from barrows compared with loin chops from gilts. Moisture percentage was less (*P* = 0.04) in chops from barrows compared with chops from gilts. There were no differences in any other aged loin chop quality characteristics between barrows and gilts.

###### 

Carcass characteristics and early postmortem meat quality traits of barrows and gilts collected on the ventral side of the longissimus muscle

                                               Sex                      
  -------------------------------------------- -------- -------- ------ -----------
  Pigs, n                                      133      195             
      Carcass characteristics                                           
      Ending live wt, kg                       133.54   131.42   1.55   0.01
      Hot carcass wt, kg                       101.88   100.58   1.03   0.06
      Carcass yield, %                         76.22    76.53    1.06   0.30
      Chilled carcass wt, kg                   100.25   99.00    1.07   0.07
      Cooler shrink^1^, %                      1.48     1.52     0.15   0.84
      Last rib midline fat thickness, cm       2.88     2.59     0.16   \< 0.0001
      Canadian back loin (NAMP \#414) wt, kg   3.62     3.85     0.07   \< 0.0001
          % chilled carcass wt                 7.23     7.79     0.08   \< 0.0001
  Early postmortem ventral quality traits                               
      Instrumental color^2^                                             
          Lightness, L\*                       46.91    46.09    0.94   0.09
          Redness, a\*                         8.88     8.90     0.78   0.92
          Yellowness, b\*                      0.41     0.09     0.70   0.06
      Subjective evaluations                                            
          Color score                          3.61     3.67     0.34   0.15
          Marbling score                       2.46     2.32     0.17   0.06
          Firmness score                       3.40     3.19     0.20   \< 0.001
      Loin pH^3^                               5.62     5.59     0.02   0.06

^1^Cooler shrink = \[(HCW -- chilled carcass wt, kg) / HCW\] × 100.

^2^L\* measures darkness to lightness (greater L\* indicates a lighter color), a\* measures redness (greater a\* indicates a redder color), b\* measures yellowness (greater b\* indicates a more yellow color).

^3^Loin pH was measured on the ventral surface of the boneless loins at the area of the 10th rib.

###### 

Aged postmortem (14 d) meat quality traits of barrows and gilts collected on the ventral side or chop face of the longissimus muscle

                                        Sex                    
  ------------------------------------- ------- ------- ------ -----------
  Pigs, n                               133     195            
  *Ventral*                                                    
      Instrumental color^1^                                    
          Lightness, L\*                50.29   50.01   0.26   0.41
          Redness, a\*                  8.48    8.59    0.16   0.41
          Yellowness, b\*               3.25    3.18    0.21   0.64
      Subjective evaluations                                   
          Color score                   3.39    3.38    0.19   0.80
          Marbling score                2.57    2.40    0.22   0.02
          Firmness score                3.24    3.29    0.17   0.35
      Ultimate pH                       5.72    5.70    0.03   0.04
      Purge loss^2^, %                  4.11    3.35    0.62   \< 0.01
  *Chop*                                                       
      Instrumental color^1^                                    
          Lightness, L\*                51.28   51.02   0.37   0.32
          Redness, a\*                  8.86    8.89    0.22   0.74
          Yellowness, b\*               4.10    3.98    0.15   0.26
      Subjective evaluations                                   
          Color score                   3.53    3.45    0.24   0.04
          Marbling score                2.55    2.16    0.26   \< 0.0001
      Moisture, %                       73.91   74.17   0.31   0.04
      Extractable lipid, %              2.71    2.31    0.20   \< 0.01
      Warner-Bratzler shear force, kg   2.27    2.29    0.05   0.49
      Cook loss, %                      19.31   19.20   0.83   0.66

^1^L\* measures darkness to lightness (greater L\* indicates a lighter color), a\* measures redness (greater a\* indicates a redder color), b\* measures yellowness (greater b\* indicates a more yellow color).

^2^Purge loss = \[(1 d weight, kg -- 14 d weight, kg) / 1 d weight, kg\] ×100.

Comparison of Barrow and Gilt Correlation Coefficients between Early Postmortem and Aged Quality Traits
-------------------------------------------------------------------------------------------------------

[@r15] cautions that it is inappropriate to conclude correlations statistically differ between 2 treatment groups when the independent correlation of 1 treatment group is different from 0 and the other independent correlation may or not be different from 0. One must explicitly test whether the 2 correlations differ and not rely on the significance tests of the correlations calculated individually ([@r15]). One caveat with the interpretation of a correlation is that it does not provide any information as to why relationships may differ between barrows and gilts. Early loin pH was correlated with aged pH (*r* = 0.80 barrows; 0.75 gilts), ventral lightness (*r* = --0.57 barrows; --0.54 gilts), ventral yellowness (*r* = --0.55 barrows; --0.55 gilts), subjective ventral color (*r* = 0.55, barrows; 0.41 gilts), and subjective chop color (*r* = 0.42 barrows; 0.44 gilts; [Table 3](#tbl3){ref-type="table"}). Early loin pH was not related to ventral redness, ventral marbling, ventral firmness, chop lightness, chop redness, chop yellowness, or chop marbling ([Table 3](#tbl3){ref-type="table"}). Correlation coefficients with early pH and aged quality traits did not differ between barrows and gilts for any quality trait ([Table 3](#tbl3){ref-type="table"}).

###### 

Comparison of Fisher\'s r to z transformed correlation coefficients comparisons (rho) of early postmortem loin pH values with aged loin quality and chop quality of barrows and gilts^1,2^

                                Barrow pH   Gilt pH                                       
  ----------------------------- ----------- --------- -------- -------- -------- -------- ------
  *Loin*                                                                                  
      Loin pH                   0.80        0.72      0.85     0.75     0.69     0.81     0.38
      Ventral lightness, L\*    --0.57      --0.68    --0.44   --0.54   --0.63   --0.43   0.67
      Ventral redness, a\*      --0.23      --0.39    --0.06   --0.28   --0.41   --0.14   0.65
      Ventral yellowness, b\*   --0.55      --0.66    --0.41   --0.55   --0.64   --0.44   0.96
      Ventral color             0.55        0.41      0.66     0.41     0.28     0.52     0.11
      Ventral marbling          0.29        0.12      0.45     0.30     0.16     0.42     0.99
      Ventral firmness          0.11        --0.06    0.28     0.06     --0.09   0.20     0.62
  *Chop*                                                                                  
      Lightness, L\*            0.10        --0.09    0.27     0.08     --0.07   0.22     0.88
      Redness, a\*              0.16        --0.02    0.33     0.09     --0.06   0.23     0.53
      Yellowness, b\*           0.12        --0.06    0.30     0.12     --0.03   0.26     0.97
      Color                     0.42        0.26      0.56     0.44     0.31     0.55     0.88
      Marbling                  0.17        --0.01    0.34     0.31     0.17     0.44     0.19

^1^Early postmortem traits were evaluated 1 d postmortem.

^2^Aged postmortem traits were evaluated 14 d postmortem.

^3^Probablity value comparing correlation coefficients of meat quality traits between barrows and gilts.

### Early Postmortem Ventral Instrumental Lightness (L\*).

Early lightness was correlated with aged ventral pH (*r* = --0.56) and subjective color (*r* = --0.39) in barrows but not gilts (*P* ≤ 0.04; [Table 4](#tbl4){ref-type="table"}). Early lightness was correlated with aged lightness (*r* = 0.60 barrows; 0.51 gilts) and yellowness (*r* = 0.49 barrows; *r* = 0.55 gilts) in both barrows and gilts. Early ventral lightness was not correlated to aged ventral redness, subjective marbling, or firmness, nor was it correlated with any instrumental or subjective color trait on the chop face. Early ventral lightness was also not correlated with chop marbling ([Table 4](#tbl4){ref-type="table"}). Correlation coefficients did not differ for early instrumental lightness and aged quality traits between barrows and gilts except for aged pH ([Fig. 1](#fig1){ref-type="fig"}). Even so, independent slopes of prediction lines between barrows (β~1~ = --0.016) and gilts (β~1~ = --0.008) for instrumental lightness and aged pH did not differ (*P* = 0.10). On the other hand, independent slopes of prediction lines between barrows (β~1~ = --0.067) and gilts (β~1~ = --0.010) for early instrumental lightness and subjective color were different (*P* = 0.02, [Fig. 2](#fig2){ref-type="fig"}).

###### 

Comparison of Fisher\'s r to z transformed correlation coefficients (rho) of early postmortem instrumental lightness (L\*) values with aged loin quality and chop quality of barrows and gilts^1,2^

                                Barrow L\*   Gilt L\*                                       
  ----------------------------- ------------ ---------- -------- -------- -------- -------- ------
  *Loin*                                                                                    
      Loin pH                   --0.56       --0.70     --0.37   --0.25   --0.44   --0.05   0.02
      Ventral lightness, L\*    0.60         0.42       0.73     0.51     0.33     0.65     0.43
      Ventral redness, a\*      --0.25       --0.46     --0.02   --0.01   --0.22   0.20     0.13
      Ventral yellowness, b\*   0.49         0.29       0.65     0.55     0.39     0.68     0.59
      Ventral color             --0.39       --0.57     --0.17   --0.08   --0.28   0.13     0.04
      Ventral marbling          --0.06       --0.29     0.18     0.14     --0.08   0.34     0.22
      Ventral firmness          --0.02       --0.25     0.21     0.24     0.03     0.43     0.10
  *Chop*                                                                                    
      Lightness, L\*            0.03         --0.21     0.26     0.06     --0.15   0.27     0.84
      Redness, a\*              0.04         --0.20     0.27     --0.03   --0.24   0.18     0.66
      Yellowness, b\*           0.07         --0.17     0.30     --0.04   --0.25   0.17     0.49
      Color                     --0.24       --0.45     --0.01   0.05     --0.16   0.26     0.07
      Marbling                  0.24         0.00       0.45     0.13     --0.08   0.33     0.49

^1^Early postmortem traits were evaluated 1 d postmortem.

^2^Aged postmortem traits were evaluated 14 d postmortem.

^3^Probablity value comparing correlation coefficients of meat quality traits between barrows and gilts.

![Differences correlation coefficients between early postmortem (1 d) ventral instrumental lightness (L\*) and aged (14 d) loin pH of barrows and gilts. Probability values compare slopes (β~1~) of the regression lines between barrows and gilts.](607fig1){#fig1}

![Differences in correlation coefficients between early postmortem (1 d) ventral instrumental lightness (L\*) and aged (14 d) ventral subjective color scores of barrows and gilts. Probability values compare slopes (β~1~) of the regression lines between barrows and gilts.](607fig2){#fig2}

### Early Postmortem Ventral Instrumental Redness (a\*) and Yellowness (b\*).

Early redness was correlated with ventral color (*r* = 0.44 barrows; 0.51 gilts) and chop color (*r* = 0.62 barrows; 0.41 gilts) in barrows and gilts and ventral firmness (*r* = 0.39) in barrows ([Table 5](#tbl5){ref-type="table"}). However, correlation coefficients of early redness and aged quality traits did not differ between barrows and gilts for any quality trait ([Table 5](#tbl5){ref-type="table"}).

###### 

Comparison of Fisher\'s r to z transformed correlation coefficients (rho) of early postmortem instrumental redness (a\*) values with aged loin quality and chop quality of barrows and gilts^1,2^

                                Barrow a\*   Gilt a\*                                   
  ----------------------------- ------------ ---------- ------ -------- -------- ------ ------
  *Loin*                                                                                
      Loin pH                   0.03         --0.21     0.26   0.19     --0.02   0.39   0.31
      Ventral lightness, L\*    --0.14       --0.36     0.10   --0.06   --0.27   0.15   0.64
      Ventral redness, a\*      0.17         --0.07     0.39   0.18     --0.03   0.38   0.92
      Ventral yellowness, b\*   0.18         --0.06     0.40   0.26     0.05     0.45   0.61
      Ventral color             0.44         0.22       0.61   0.51     0.34     0.65   0.56
      Ventral marbling          0.22         --0.01     0.44   0.34     0.15     0.52   0.42
      Ventral firmness          0.39         0.17       0.57   0.29     0.08     0.47   0.50
  *Chop*                                                                                
      Lightness, L\*            0.03         --0.20     0.27   --0.15   --0.35   0.06   0.25
      Redness, a\*              0.12         --0.11     0.35   0.38     0.19     0.55   0.09
      Yellowness, b\*           0.09         --0.14     0.32   0.08     --0.13   0.28   0.92
      Color                     0.62         0.44       0.74   0.49     0.31     0.64   0.27
      Marbling                  0.33         0.11       0.53   0.40     0.21     0.56   0.65

^1^Early postmortem traits were evaluated 1 d postmortem.

^2^Aged postmortem traits were evaluated 14 d postmortem.

^3^Probablity value comparing correlation coefficients of meat quality traits between barrows and gilts.

Early instrumental yellowness was correlated with ventral color (*r* = --0.61) and chop color (*r* = --0.51) in barrows and aged ventral pH (*r* = --0.47 barrows; --0.60 gilts) in barrows and gilts ([Table 6](#tbl6){ref-type="table"}). Correlation coefficients with early yellowness and aged quality traits did not differ between barrows and gilts for any quality trait ([Table 6](#tbl6){ref-type="table"}).

###### 

Comparison of Fisher\'s r to z transformed correlation coefficients (rho) of early postmortem instrumental yellowness (b\*) values with aged loin quality and chop quality of barrows and gilts^1,2^

                                Barrow b\*   Gilt b\*                                       
  ----------------------------- ------------ ---------- -------- -------- -------- -------- ------
  *Loin*                                                                                    
      Loin pH                   --0.47       --0.64     --0.27   --0.60   --0.72   --0.44   0.29
      Ventral lightness, L\*    0.36         0.14       0.55     0.42     0.23     0.58     0.68
      Ventral redness, a\*      0.05         --0.19     0.28     0.31     0.11     0.49     0.09
      Ventral yellowness, b\*   0.10         --0.14     0.33     0.36     0.17     0.53     0.09
      Ventral color             --0.61       --0.74     --0.43   --0.45   --0.60   --0.27   0.19
      Ventral marbling          --0.23       --0.44     0.01     --0.31   --0.49   --0.11   0.58
      Ventral firmness          --0.24       --0.45     --0.01   --0.22   --0.41   --0.01   0.90
  *Chop*                                                                                    
      Lightness, L\*            --0.08       --0.31     0.16     --0.11   --0.31   0.10     0.87
      Redness, a\*              --0.13       --0.35     0.11     --0.22   --0.41   --0.01   0.56
      Yellowness, b\*           --0.09       --0.32     0.15     --0.23   --0.42   --0.03   0.35
      Color                     --0.51       --0.67     --0.32   --0.53   --0.67   --0.36   0.87
      Marbling                  --0.17       --0.39     0.07     --0.31   --0.49   --0.10   0.37

^1^Early postmortem traits were evaluated 1 d postmortem.

^2^Aged postmortem traits were evaluated 14 d postmortem.

^3^Probablity value comparing correlation coefficients of meat quality traits between barrows and gilts.

### Early Postmortem Ventral Subjective Color.

Early subjective color was not correlated with any aged quality traits ([Table 7](#tbl7){ref-type="table"}). The correlation coefficients between early subjective color and ventral redness differed (*P* = 0.04) between barrows and gilts where the correlations in barrows was different from 0 (95% CI range = 0.11 to 0.43) but was not different from 0 in gilts (95% CI range = --0.10 to 0.19). This was supported by independent slopes of prediction lines between barrows (β~1~ = 0.516) and gilts (β~1~ = 0.085) for early postmortem ventral subjective color and aged ventral instrumental redness values were different (*P* = 0.04, [Fig. 3](#fig3){ref-type="fig"}).

###### 

Comparison of Fisher\'s r to z transformed correlation coefficients (rho) of early postmortem subjective color values with aged loin quality and chop quality of barrows and gilts^1,2^

                                Barrow color   Gilt color                                       
  ----------------------------- -------------- ------------ -------- -------- -------- -------- ------
  *Loin*                                                                                        
      Loin pH                   --0.04         --0.21       0.14     0.06     --0.08   0.20     0.40
      Ventral lightness, L\*    --0.23         --0.39       --0.06   --0.28   --0.41   --0.15   0.61
      Ventral redness, a\*      0.28           0.11         0.43     0.05     --0.10   0.19     0.04
      Ventral yellowness, b\*   --0.03         --0.21       0.15     --0.20   --0.34   --0.06   0.13
      Ventral color             0.15           --0.03       0.31     --0.02   --0.16   0.13     0.16
      Ventral marbling          --0.04         --0.22       0.14     0.10     --0.04   0.24     0.22
      Ventral firmness          --0.14         --0.31       0.03     0.06     --0.09   0.19     0.09
  *Chop*                                                                                        
      Lightness, L\*            --0.04         --0.22       0.14     --0.14   --0.28   0.01     0.41
      Redness, a\*              --0.12         --0.30       0.06     0.02     --0.13   0.17     0.22
      Yellowness, b\*           --0.06         --0.23       0.13     0.02     --0.13   0.16     0.56
      Color                     0.13           --0.05       0.30     0.11     --0.04   0.25     0.87
      Marbling                  --0.12         --0.29       0.06     --0.03   --0.18   0.12     0.46

^1^Early postmortem traits were evaluated 1 d postmortem.

^2^Aged postmortem traits were evaluated 14 d postmortem.

^3^Probablity value comparing correlation coefficients of meat quality traits between barrows and gilts.

![Differences correlation coefficients between early postmortem (1 d) subjective color scores and aged (14 d) ventral instrumental redness (a\*) of barrows and gilts. Probability values compare slopes (β~1~) of the regression lines between barrows and gilts.](607fig3){#fig3}

### Early Postmortem Ventral Subjective Marbling.

Early subjective marbling was correlated with aged ventral marbling (*r* = 0.67 barrows; *r* = 0.66 gilts) and chop marbling (*r* = 0.57 barrows; 0.59 gilts) in barrows and gilts and aged ventral color (*r* = 0.42) and aged chop color (*r* = 0.37) in barrows ([Table 8](#tbl8){ref-type="table"}). Correlation coefficients of early marbling and aged quality traits did not differ between barrows and gilts for any quality trait ([Table 8](#tbl8){ref-type="table"}).

###### 

Comparison of Fisher\'s r to z transformed correlation coefficients (rho) of early postmortem subjective marbling values with aged loin quality and chop quality of barrows and gilts^1,2^

                                Barrow marbling   Gilt marbling                                   
  ----------------------------- ----------------- --------------- ------ -------- -------- ------ ------
  *Loin*                                                                                          
      Loin pH                   0.35              0.19            0.50   0.24     0.10     0.37   0.29
      Ventral lightness, L\*    --0.15            --0.32          0.03   --0.13   --0.26   0.02   0.85
      Ventral redness, a\*      0.01              --0.17          0.18   0.02     --0.12   0.16   0.92
      Ventral yellowness, b\*   --0.03            --0.20          0.15   --0.06   --0.20   0.08   0.74
      Ventral color             0.42              0.27            0.56   0.30     0.16     0.42   0.21
      Ventral marbling          0.67              0.56            0.75   0.66     0.57     0.73   0.86
      Ventral firmness          0.08              --0.10          0.25   0.26     0.13     0.39   0.10
  *Chop*                                                                                          
      Lightness, L\*            0.16              --0.02          0.34   0.06     --0.09   0.20   0.36
      Redness, a\*              0.06              --0.12          0.24   0.25     0.11     0.39   0.09
      Yellowness, b\*           0.03              --0.15          0.21   0.16     0.02     0.31   0.27
      Color                     0.37              0.21            0.52   0.30     0.16     0.42   0.45
      Marbling                  0.57              0.43            0.68   0.59     0.48     0.67   0.83

^1^Early postmortem traits were evaluated 1 d postmortem.

^2^Aged postmortem traits were evaluated 14 d postmortem.

^3^Probablity value comparing correlation coefficients of meat quality traits between barrows and gilts.

### Early Postmortem Quality Traits and Warner-Bratzler Shear Force and Cook Loss.

No early postmortem quality traits were correlated with WBSF or cook loss in barrows ([Table 9](#tbl9){ref-type="table"}). Early loin pH (*r* = --0.41) and ventral yellowness (*r* = 0.45) were correlated with cook loss in gilts. The correlation coefficients between early postmortem ventral firmness and WBSF differed (*P* = 0.04) between barrows and gilts ([Table 9](#tbl9){ref-type="table"}). Ventral firmness was weakly (*r* = 0.18) but positively correlated with WBSF in barrows ([Table 9](#tbl9){ref-type="table"}). Ventral firmness was weakly (*r* = --0.21) but inversely correlated with WBSF in gilts. This is supported by independent slopes of prediction lines between barrows (β~1~ = 0.112) and gilts (β~1~ = --0.039) for early postmortem ventral subjective firmness and WBSF values were different (*P* = 0.04, [Fig. 4](#fig4){ref-type="fig"}).

###### 

Comparison of Fisher\'s r to z transformed correlation coefficients (rho) of early postmortem loin quality traits between barrows and gilts with Warner-Bratzler shear force (WBSF) and cook loss^1,2^

                                Barrow WBSF   Gilt WBSF                                       
  ----------------------------- ------------- ----------- -------- -------- -------- -------- ------
  *WBSF*                                                                                      
      Loin pH                   0.27          0.09        0.43     0.09     --0.05   0.24     0.13
      Ventral lightness, L\*    --0.22        --0.43      0.02     --0.26   --0.44   --0.05   0.82
      Ventral redness, a\*      0.08          --0.16      0.31     --0.17   --0.37   0.04     0.12
      Ventral yellowness, b\*   --0.22        --0.43      0.02     --0.05   --0.26   0.16     0.31
      Ventral color             0.00          --0.18      0.18     --0.05   --0.19   0.10     0.71
      Ventral marbling          0.13          --0.05      0.30     0.00     --0.15   0.14     0.27
      Ventral firmness          0.18          --0.01      0.35     --0.07   --0.21   0.08     0.04
  *Cook Loss, %*                                                                              
      Loin pH                   --0.25        --0.41      --0.08   --0.41   --0.53   --0.28   0.13
      Ventral lightness, L\*    0.08          --0.16      0.31     --0.01   --0.22   0.20     0.57
      Ventral redness, a\*      --0.22        --0.43      0.02     --0.24   --0.43   --0.03   0.89
      Ventral yellowness, b\*   0.17          --0.07      0.39     0.45     0.27     0.61     0.05
      Ventral color             0.03          --0.15      0.21     0.02     --0.13   0.16     0.89
      Ventral marbling          --0.25        --0.41      --0.07   --0.21   --0.34   --0.07   0.72
      Ventral firmness          --0.21        --0.37      --0.03   --0.26   --0.39   --0.12   0.64

^1^Early postmortem traits were evaluated 1 d postmortem.

^2^Chops for Warner-Bratzler shear force and cook loss were aged for 14 d postmortem prior to analyses.

^3^Probablity value comparing correlation coefficients of meat quality traits between barrows and gilts.

![Differences in correlation coefficients between early postmortem (1 d) ventral subjective firmness scores and aged (14 d) Warner-Bratzler shear force values of barrows and gilts. Probability values compare slopes (β~1~) of the regression lines between barrows and gilts.](607fig4){#fig4}

DISCUSSION
==========

While both packers and consumers use similar traits to assess the quality of pork loins, the surface they assess and the time postmortem when they make those assessments are different. Packers assess loin quality based on color and marbling on the ventral surface of loins during carcass fabrication at 1d postmortem ([@r16]). At this time, darker loins with more marbling are often selected for premium-based programs ([@r12], [@r20]). In contrast, consumers assess color ([@r21]) and sometimes marbling on the surface of loin chops at the time of purchase ([@r23]). Consumers discriminate against chops that are too light or too dark, or are discolored. Consumers then determine eating quality, and therefore, repeat purchase intent, on tenderness and juiciness of cooked loin chops. There has been some indication that marbling positively affects tenderness and juiciness. Pork chops with increased marbling have been perceived by consumers and trained sensory panelists to be juicier and more tender ([@r19]), but results appeared to be more pH dependent than marbling dependent. Others have reported no influence of marbling on tenderness and juiciness even over large ranges in marbling scores ([@r29], [@r33]). The ultimate goal of packer selection of "high quality" loins is to increase consumer satisfaction and therefore increase consumer purchases of product. Therefore, early postmortem quality characteristics and eating experience must be related. Indeed, these correlation coefficients have been previously established ([@r13]) However, the relationship between early postmortem characteristics observed on the ventral side of loins and the same traits measured after aging on either the ventral side of loins or the face of chops from those loins has not been well established. Thus, one objective of this work was to determine correlations between early postmortem loin quality characteristics and aged loin and chop quality characteristics.

Packers in the U.S. have historically monitored loin pH as an indication of loin quality. Loin pH is correlated with other pork quality traits such as water holding capacity, color, and firmness ([@r13]; [@r2]) In the present study, loin pH at 1 d postmortem was moderately correlated to aged ventral loin color and aged loin chop color. This is supported by previous research ([@r13]) which also observed that ultimate loin pH was weakly correlated with aged loin color. However, the study by [@r13] only aged loins for 2 d postmortem and therefore, may not be truly representative of the quality traits observed by the consumer. Another study, by [@r11], also reported a relationship between pH and L\* however, similar to the study by [@r13] quality measurements were measured at approximately 2 d postmortem and most likely does not reflect the traits consumers will observe.

The correlation between early color with aged color is also supported by a relationship between early ventral a\* and both aged ventral subjective color and aged chop subjective color. [@r13] observed a strong correlation between early postmortem (2 d) L\* and early postmortem (2 d) color. However, [@r13] determined that correlations did not exist between early L\* and aged color, so it is possible that over time, those correlations would become weaker. During aging, proteolysis can alter water holding capacity and color, therefore, quality traits may change with postmortem aging ([@r14]).

Ultimately, the goal of selecting loins based on quality characteristics in the early postmortem period is to segregate loins based on expected eating quality. Tenderness is often cited as the most important quality trait for consumer eating experience ([@r23]). Thus, the correlation coefficient between early postmortem quality characteristics observable by packers and tenderness is important. While WBSF was weakly correlated with early pH and early L\*, the majority of early postmortem quality traits did not correlate to aged tenderness in the present study. Previous work reported weak correlations between aged tenderness and early postmortem traits, such as marbling, but aged tenderness was not correlated with ultimate pH or color ([@r8]) similar to the present study. Marbling is thought to be an important trait for pork tenderness. Moderate correlations between early ventral marbling and aged ventral marbling, early ventral marbling and aged chop marbling, and aged ventral marbling and aged chop marbling indicate that estimates of marbling on the ventral surface at early times postmortem are valid. But early ventral marbling estimates were not correlated with WBSF in either barrows or gilts. [@r29] reported that extractable lipid (range 0.76 to 8.09%) did not influence instrumental or sensory tenderness of pork loins cooked to a medium (71°C) degree of doneness. Likewise, [@r33] reported that extractable lipid (range 0.80 to 5.52%) explained less than 1% of the variation in sensory tenderness of pork loins cooked to a medium-rare degree of doneness (63°C).

Pork carcasses, unlike beef carcasses, are not routinely ribbed (cut between the 10th and 11th rib to expose the longissimus muscle) in the United States. Therefore, estimations of quality by packers is done on the ventral surface of a boneless loin after carcass fabrication. Consumers most often observe the cut surface of loin chops. However, most observations made on the ventral surface of both early and aged loins were not correlated with the corresponding observations made on the chop face of aged loin chops. Subjective chop color was the lone exception. This indicates that estimates of ventral quality, both early and aged, are not necessarily indicative of aged chop quality. The lack of correlation between ventral and chop measurements is troubling because it suggests that what is observed at the processing facility is not what is observed by consumers. That is potentially the result of variation within a loin ([@r32]), but also that perception of color may be influenced by the direction of the muscle fibers during observation. When color was assessed on the ventral side of loins, the muscle fibers were oriented mostly perpendicular to the observer. In other words, the observer was viewing muscle fiber longitudinally. But when observed on the chop face, the cross-section of muscle fibers was visible to observers. This difference in fiber directionality could alter the perception of color between these two locations.

Compositional differences between barrows and gilts are well known and, in the current study, were similar to previous research ([@r9]; [@r6]). Barrows had greater ending live weights than gilts with more back fat and greater extractable lipid, but gilts produced heavier Canadian back loins yielded a greater percent of estimated carcass lean compared to barrows ([@r9]). [@r4] and [@r10] also observed that barrows were heavier than gilts, but gilts were leaner, had a greater carcass yield, less backfat, and larger loin eye area. A more recent study by [@r6] confirmed these differences between barrows and gilts, similar to the present study. There were minimal differences between barrows and gilts in regard to fresh meat quality. Loins from gilts were more firm than loins from barrows, had greater cooking loss, but did not differ in WBSF. Increased firmness in loins from gilts may be related to increase WHC, as demonstrated by [@r7]. Previous reports have also failed to detect differences in tenderness between barrows and gilts ([@r6]; [@r17]). Therefore, while sex does not affect tenderness, it may affect WHC and cooking loss.

It is not common at either commercial farms or slaughter facilities to segregate barrows and gilts. Therefore, when packers make assessments of quality, sex is not known. Because barrows and gilts differ in both the mean and variability of some quality and composition traits ([@r28]), the hypothesis was that the relationships among early and aged quality characteristics may differ between barrows and gilts. Therefore, the second objective of this study was to determine if correlations between early postmortem loin quality characteristics and aged loin and chop quality characteristics differed between barrows and gilts.

In general, correlation coefficients between early and aged postmortem quality did not differ between barrows and gilts. However, there were 4 early postmortem quality characteristics that were correlated differently to aged quality traits between the 2 sexes. It is important to determine if these differences are significant and if sex should be accounted for when using early postmortem quality traits to predict aged quality. To that point, the independent slopes for both barrows and gilts were negative (as became lighter, pH was less) between early postmortem ventral lightness and aged ventral pH, but the correlation in barrows was moderately strong in barrows, but weak in gilts. Likewise, there was a moderately strong inverse correlation and a negative slope in barrows between early ventral lightness and aged ventral color (as loins became lighter instrumentally, they also became lighter visually), but no predictive ability of aged ventral color using early instrumental lightness in gilts. Early subjective color was positively, yet weakly, correlated with aged ventral redness in barrows, but subjective color score was not related to aged redness scores in gilts. This indicates no predictive ability of aged redness scores in gilts and poor predictive ability of aged redness scores in barrows using early ventral color. Finally, early ventral firmness was not predictive of WBSF for either barrows or gilts, but the directionality of the correlations differed between barrows and gilts. This inconsistency between barrows and gilts was anticipated. [@r1] reported weak or no correlation between firmness and other meat quality traits. [@r28] reported greater variability in early subjective color scores of loins from gilts compared with loins from barrows. In most cases variability (a greater range) in the trait of interest increases the likelihood of a relationship being detected. However, if subjective color of gilts is more variable than subjective color of barrows and that variability is different from early and aged color, it is possible this explains the differences in the correlation coefficients of color scores between barrows and gilts with other quality traits.

Based on the results of the present study it may be possible to use early pH, L\*, and a\* as indicators of aged color. Additionally, early pH and L\* may provide limited information regarding tenderness, but those correlations were weak. It should also be noted that while early ventral quality may be used to estimate aged ventral quality, data from this study suggest that early and aged ventral loin color may not be accurate estimators of aged chop color. Additionally, while there are differences between barrows and gilts in terms of quality characteristics, the relationship between early and aged quality did not differ between barrows and gilts. Thus, sex does not need to be accounted for when using early postmortem quality traits to predict aged quality.
